Key Words cluster surveys, rapid surveys, face-to-face interviews, immunization coverage s Abstract Rapid, small surveys are routinely done in much of the developing world but are less common in the United States. We present as an example a rapid survey of immunization status and other factors in a predominantly Hispanic region in Los Angeles. The survey united county employees, students, and community volunteers, first to enumerate the eligible population and then to conduct in-person interviews. Sampling was done in two stages in a downtown region of Los Angeles. Over the course of two weekends and during clean-up the following week, volunteers and others enumerated 718 eligible children in 30 clusters (i.e. groups of blocks). At the second stage, also in two weekends with midweek clean-up, we selected by simple random sample 10 children per cluster. The parents or legal guardians of 270 children were interviewed about vaccination issues, including home presence of an immunization card. Nearly one fourth of the respondents did not have a home telephone number and thus would have been underrepresented in a telephone survey. Information from such rapid surveys is important for local program planning and evaluation.
INTRODUCTION
Surveys have long been viewed as important tools for obtaining information about people who live in a given community. Counts of the total population occur at decade intervals in the United States Census. Although providing important demographic and economic information, the US Census collects almost no health data. Thus, for local health departments or other agencies, surveys are often the only practical alternative for obtaining current information. Internationally, perhaps the most common survey method for gathering information about such variables as immunization coverage, diarrheal diseases, respiratory conditions, or smoking behavior is the cluster sampling approach promoted by the World Health Organization (WHO) (2, 13) . Typically, such surveys have 210-300 subjects and are completed in a short period of time. The method is based on a two-stage sampling process, with probability-proportionate-to-size (PPS) sampling of 30 clusters at the first stage and quota sampling after a random start of 7-10 subjects per cluster 0163-7525/01/0510-0231$14.00 at the second. Such surveys tend to be inexpensive and easily carried out, although they are subject to bias (15) . Two-stage cluster surveys are preferable to one-stage, simple random sample surveys because all eligible persons in the population do not have to be identified and listed prior to selection. In recent years, modifications have been suggested to reduce potential biases in such WHO-style surveys, including random sampling at the second stage (1, 4) . Earlier the sampling method had been adapted for doing rapid surveys in developing countries, using portable computers and current software to provide timely results (9, 10) . For the past decade, a course featuring this modified method has been taught at the University of California, Los Angeles (UCLA), intended primarily for health professionals from developing countries. The method has also been used by former course participants to survey inner city areas of Los Angeles and communities of Kern County, California (8, 11, 16) .
In the United States, it is no longer common for local health departments to conduct community-based surveys. Partially this is due to lack of expertise. Schools of public health routinely teach epidemiologic and statistical aspects of cohort and case-control studies but typically omit details of doing small, inexpensive two-stage cluster surveys. Funding for major surveys is sometimes available to academic or research institutions, and to companies in the private sector that do opinion and political polling. Such funds, however, are generally not available to health departments wanting to use their own staff to address perceived local problems. In such settings, rapid face-to-face interview surveys become a desirable alternative.
National Immunization Survey
Telephone opinion surveys are routinely conducted in North America, as they are in much of the developed world. Perhaps the most widely known healthrelated telephone survey in the United States is the National Immunization Survey (NIS), commissioned by the Centers for Disease Control and Prevention (CDC) to provide national, state, and urban area data on vaccination coverage among children aged 19-35 months (18) . Households in defined geographic areas are first randomly called to determine whether they are eligible for the survey (i.e. have a 19-to 35-month-old child) and, if so, whether they are willing to participate. Given consent, the mother is interviewed and the child's medical care provider is contacted in a follow-up effort to gain access to the vaccination record. To get such consent, the NIS staff sends a letter to the provider. Two weeks later a postcard is sent, followed 3 weeks later by a second letter. Following that, they telephone. Thus, the entire provider-contact process after the initial telephone interview could take 2 months or longer, thereby adding expense and delaying the time to completion.
The vaccination coverage estimate varies widely between the parental response at the initial telephone call and the provider follow-up of patient records. Such comparisons were published by the NIS staff for all states and large counties (18) . In Los Angeles County, when using records of medical care providers, the estimate for up-to-date coverage of the 4:3:1:3 series (i.e. ≥4 diphtheria, tetanus toxoids and pertussis vaccine; ≥3 poliovirus vaccine; ≥1 measles-mumps-rubella vaccine; and ≥3 Haemophilus influenzae type b vaccine) increased 26% over the findings from the telephone survey (see Figure 1 ). Similar differences occurred in other states and counties, ranging from a low increase of 6.4% in Utah to a high increase of 41.4% in New York state excluding New York City (18) . These results suggest that telephone surveys by themselves may not be sufficiently accurate for the assessment of immunization status, and possibly of other health parameters.
Besides requiring provider follow-up, the NIS also employs a complex sampling scheme that precludes simple analysis of regional or community data by local health department personnel. Thus, they become dependent on the NIS staff for determining local findings and have no personal knowledge of factors related to nonparticipation that may have biased the data. For example, in 1996, the response rate for the 1996 NIS was estimated by traditional methods to be 84.5%. Yet when taking into account homes with no telephones and other factors, the more realistic response was reported to be 69.5% (18) . Are the 30.5% in areas such as Los Angeles County who did not participate different in some meaningful way from the 69.5% who did? The local health department staff has no way of knowing and, without local survey experience, no way of even estimating the extent of the bias. 
Immunization Survey in Los Angeles
Several years ago, we approached health professionals at the Immunization Program of the Los Angeles County Department of Health Services to determine their interest in doing immunization surveys in various regions of Los Angeles. We wanted to improve the survey method that has been successfully employed in developing countries while retaining the ease and timeliness that characterize such investigations. We reasoned that telephone surveys might not work well in urban neighborhoods of Los Angeles, where the population is often highly mobile, speaks languages other than English, and may not have home telephones. We intended to improve the precision of the survey method with random rather than quota sampling at the second stage. We wanted to include community volunteers in the survey process, getting them involved with the collection of information that would be used to plan or evaluate local health services. Finally, we enjoined local health department staffs to participate in the survey design and data collection process, anticipating that they would better understand potential biases in the findings.
A small pilot study of 26 children was organized and carried out during the summer of 1996, providing us with expertise on how to approach and recruit volunteers, and how best to train and supervise health department staffs and volunteers in survey work. We also developed the sampling scheme, using the 1990 United States Census computer tape for Los Angeles County and various software, and field tested different versions of data management and collection forms and their instructions.
The survey described here was done during the summer of 1997. This article presents both the method of two-stage cluster surveys as adapted to urban United States and the operational results of a small survey of vaccination coverage and related factors among children, aged 24-47 months, in three zip code areas in and around downtown Los Angeles. The immunization findings from the survey have been reported elsewhere (16) .
METHODS

Sampling Scheme
Our study features a two-stage cluster survey design that uses census counts at the first stage and local enumeration at the second stage. The population to be investigated is first divided into geographic areas or clusters, based on their location of residence ( Figure 2 ). The clusters may be composed of census tracts, block groups, or blocks. In our survey, we used groups of blocks, combined so that each cluster had at least 20 children, aged 24-47 months at the time of the 1990 Census. At the first stage, 30 clusters are sampled with PPS of the population, or in our case, children aged 24-47 months. (PPS sampling is further described in Figure 3 .) At the second stage, the eligible population in the selected cluster is enumerated and a constant number of persons is randomly selected from each cluster ( Figure 2 ). In our study, we planned to randomly sample 10 children per cluster from 30 clusters, or a total of 300 children. By combining PPS sampling at the first stage with a constant number of subjects at the second stage, the sample is self-weighted, meaning that each person represents a constant number of individuals in the community. Self-weighted samples are much easier to analyze than are weighted samples (14) .
The steps necessary to complete such two-stage cluster samplings are shown in Figure 3 . First, the clusters in the study population are assembled in no special order ( Figure 3A ) and the eligible population in each cluster is tallied in a cumulative list ( Figure 3B ). The different clusters occupy numeric space in the cumulative list that is proportional to their eligible population ( Figure 3C ). For each of 30 clusters to be selected, a random number is generated, ranging from one to the last number in the cumulative list. A cluster is selected if the random number falls in the interval occupied by that cluster in the cumulative list. Because small clusters occupy less listed numeric space than do large clusters, the selection is with PPS ( Figure 3D ). The first stage sample of clusters is drawn with replacement by computer program, different from the slightly biased WHO method, which features sampling at the first stage without replacement. Next, the selected clusters are arranged for the second stage of sampling ( Figure 3E ). At this point, all eligible persons in the sampled cluster are enumerated. In each cluster, a constant number of subjects is then selected from the enumerated population by simple random sample ( Figure 3F ), again different from the slightly biased WHO method, which features quota sampling of next nearest neighbors after a random start. Finally, the sampled individuals are asked to participate in the survey ( Figure 3G ).
The various tasks necessary for our style of two-stage cluster survey are presented in Tables 1 and 2 , along with the category, number of personnel, and software used. The various components are further described in the following sections.
Study Population
All children aged 24-47 months living in zip codes 90007, 90011, and 90015 in the downtown area of Los Angeles were eligible to participate in the rapid survey and, thus, comprised the study population. This area was chosen by the Immunization Program because it represents a low-income community at possible high risk for inadequate immunization coverage. For the first stage of sampling, the area was divided into 236 clusters (groups of blocks), each with at least 20 eligible children identified 7 years earlier during the US Census. Data by census tract are included in the STF1B tape of the US Census Bureau maintained at UCLA. We used the Landview II mapping program to determine the spatial relationship between blocks listed in the census file to create the super blocks or clusters. We assumed that although the actual children would change, the proportion of children in each area would remain similar over the years. Using Csurvey, a computer program designed jointly at the University of Indonesia and UCLA that incorporates analytic procedure developed at UCLA (9), we sampled 30 of the 236 clusters with PPS of the eligible children's population. The Csurvey program is available for downloading in the software section of the UCLA Department of Epidemiology internet site (www.ph.ucla.edu/epi/software.html).
Our intent was to have the field personnel count all eligible children aged 24-47 months in the 30 clusters sampled at the first stage, and then at the second stage to randomly sample 10 children per cluster for interview and review of home immunization cards or records maintained by a medical provider. The 30 selected clusters contained one or more city blocks. Each block has four sides or segments. Thus, for enumeration, the clusters were divided into a series of four or more segments. A map was created for each cluster showing the blocks and segments, using both the Landview II and the GeoFinder mapping programs.
Training
The project was divided into two phases, enumeration and interview, and training was necessary for both. The intent of the enumeration phase, done at the first stage and shown in Table 1 , was to determine during two weekends how many eligible children lived in each cluster. The objective of the interview phase was to sample and interview during two different weekends 10 eligible children per cluster (see Table 2 for tasks). To gain trust and promote community and student involvement, we recruited several groups to participate in the enumeration phase. The goals were to collect data in a timely manner and keep costs at a minimum, without compromising the validity of the findings. Seventy-five volunteers were recruited. Some of the time provided by the workers from the Los Angeles County Sexually Transmitted Diseases (STD) Program was funded as overtime by the CDC. Several 2-h training sessions were held to review the protocol, standardize the method, and answer field-related questions. The training sessions included a full description of the project and its methodology. Examples were given as to how to complete the necessary forms for enumeration. Based on the previous experience from the pilot study and other surveys, possible problems the field workers might encounter were discussed in details. For the interview portion (see Table 2 ), a detailed explanation was given to insure that the forms were completed accurately and in a timely manner. Most of the UCLA students and many of the Immunization Program staff had taken the rapid survey course at UCLA, whereas the federal employees had done many interviews as part of their STD work. By using the UCLA students, the Immunization Program staff, and the federal employees, we were able to insure that there was a highly trained and experienced group that could assist the others.
Because of time constraints, all other personnel and volunteers who worked on the project were minimally trained. Many were bilingual in Spanish and English and were responsible for translating the information requests to the parents. Yet, the availability of these workers was highly variable, with much turnover from one day to the next. Thus much of their training occurred on the morning or early afternoon of the enumeration and interview session.
Enumeration
Households in each segment were visited on Saturday and Sunday of the second and fourth weekends in July 1997 by community volunteers, Immunization Program staff, and UCLA students (see Table 1 ). People living in the various residences were asked about the presence of children 24-47 months of age. This information was recorded on a management form. As part of their enumeration efforts, the field workers were instructed to contact the manager of apartment buildings to ask about occupants and to look for signs of occupancy, such as water or electrical use, or of children, such as toys or children's clothing. In case no one was home or no information was available about the household, the enumerators were instructed to revisit the household at least one more time before reporting it as missing or having no information. Three of the 30 initial clusters had to be replaced because of a shortage of enumerated children. In one such cluster, all residential apartments had been converted since the time of the US Census in 1990 to commercial garment factories, whereas in another cluster a large housing project was recently closed for renovation. Residences with no one home were tallied at the end of the day for revisit and were reassigned either for the next day or for clean-up later in the week by the Immunization Program staff.
Interview
We entered the data gathered by the enumerators into a computer spreadsheet program and randomly sampled 15-20 children from each cluster, 10 of whom were included in an original list, with the remaining 5-10 placed in a supplementary list. Because of small numbers of children, some clusters had fewer than five in the supplementary list. When contacted by the interviewers, some of the sampled children were found to be ineligible because they were over-or underage. To address this problem, we expanded the supplementary list to 10 children. This problem was minimized later in the survey, however, by having the enumerators list exact birth dates. The interviews were conducted on Saturday and Sunday of the third weekend in July and first weekend in August, alternating with the enumeration weekends. Approximately 52 volunteers, students, and Immunization Program and STD Program staff participated in this process (see Table 2 ). The interviewers were instructed to visit each eligible household at least two times, and a third time if warranted.
A signed consent form was obtained from parents before conducting the interview or abstracting the information from the immunization card. The data collection form included demographic questions about the child's age, sex, and race. It also had questions on (a) the mother's perception about the immunization status of the child, (b) barriers to immunization, (c) the immunization provider, (d ) participation in the Women, Infant, and Child program, and (e) insurance coverage. The vaccine doses and time of immunization were determined via the in-house immunization card. If the immunization card was not available at the time of the interview, immunization information was obtained through a follow-up telephone call or revisit. In cases where the immunization information could not be obtained from the card by the previous methods, we contacted the health care provider who supplied the immunization. The latter information was formally requested by the Immunization Program staff and was obtained either by facsimile, mail, or clinic visit.
Certificate
Persons who volunteered to assist with the study were given a personal certificate that acknowledged their efforts (see Table 2 ). Also letters of appreciation were sent to each of the organizations who supplied volunteers. We reasoned that with such gestures, more people would remain willing to participate in future surveys.
Data Management
After the survey forms and the immunization record abstractions were returned from the field, the data were manually checked for missing information or inconsistencies. Then the information was coded and entered into the computer. The data were edited and cleaned with a process that checked for missing information and tested for logic errors. Programs for data entry, checking, and analysis had been developed at the UCLA Department of Epidemiology using the EpiInfo statistical and data management program (see Table 2 ). From the individual variables, an expanded set of variables was derived to satisfy the objective of the study. An example of such variables was age at immunization, which was calculated for each child and for each vaccine dose. The age of the child was calculated from the date of enumeration (i.e. the first time the household was contacted) and the date of birth of the child. We used the date of enumeration rather than the date of the interview to avoid any bias that might have come from parents having their children immunized as a result of the enumeration visit. In cases of missing data, or unclean or incompatible information, the survey schedule was returned to the field staff to again contact the household for the proper information. After being cleaned and edited, the forms and schedules were filed at UCLA in a confidential location.
Data Analysis
Data were analyzed using the Csample module of the EpiInfo program and the Survey module of the Stata statistical program (see Table 2 ). As it is a self-weighted cluster survey, point estimates for variables are the same no matter what statistical package is used. Variance estimates, however, tend to be larger with cluster surveys than with data gathered by simple random samples. Because conventional statistical programs assume variables are independently distributed, such programs underestimate the variability of clustered data. The Csample module in EpiInfo and the Survey modules in Stata are intended for cluster surveys and, thus, derive unbiased variance estimates and 95% confidence intervals.
The Recommended Childhood Immunization Schedule published by the CDC was used for analyzing the immunization coverage levels (5) . We calculated immunization coverage as the percentage of sampled children who received the specified vaccine dose, deriving both the percentage coverage (or point estimate) and the 95% confidence limits.
Logistic regression in the Stata program was used to calculate odds ratios and 95% confidence limits for odds ratios, to assess relationships between immunization status (as an outcome variable) and factors expected to be associated with the outcome. The odds ratio is an estimation of the ratio of the odds of an outcome in a group compared with the same outcome for a reference group. Finally, we derived odds ratios and 95% confidence limits adjusted for possible factors that could distort the relationship between the selected exposure factors and the outcome.
RESULTS
The three zip code areas in and around downtown Los Angeles were divided into 236 clusters, from which 30 clusters were sampled (see Table 3 ). After starting the enumeration, three of the 30 clusters had to be replaced for reasons presented in Table 3 . In the 30 clusters that were eventually sampled, there were 276 segments (or sides of blocks) with a total of 5300 visited households containing 718 children, aged 24-47 months. Thus, an average of 7.4 households needed to be visited by the enumeration teams in order to find one eligible child. The 718 eligible children represented the enumerated sampling frame in the 30 clusters.
At the second stage, each interviewing team went into the field with a target list of 10 children, and a supplemental list of about five children, all selected by simple random sample from the enumerated children in the cluster. Selected randomly for interview and immunization record extraction were 428 eligible children. Among these eligible children, 332 children were at home at the time of the interview (77.6%). When asked to participate, the parents or guardians of 270 (81.3%) of the 332 at-home eligible children agreed to do so. Although we intended to select 10 children per cluster, this was not to be. Instead, for the 270 sampled children, one cluster provided 11 children, 14 had 10 children, five had nine children, four c Apartments were converted to garment factories; large housing project was evacuated and being renovated; a large apartment complex was created that houses primarily adults. d Original list had 10 children and supplementary list was planned to have 5 children but actually had 3-10 children (some clusters had too few children in residence and others needed more replacements because of incorrect tallies of age at enumeration).
had eight children, and six had seven children. When we used the same method of assessing participation as is used by random digit dialing telephone surveys, such as the NIS, the participation for our study was 270 of 322 at-home children, or 81.3%. When we used the method of conventional household interview surveys (but slightly different, in that enumeration was done 1 or more weeks earlier and some of the eligible population may have changed residence), the participation was 270 of 428 children, or 63.1% (see Table 3 ).
Characteristics
Nearly 92% of the children were Hispanic (i.e. 247 of 270), and most of their parents chose to speak Spanish with the interviewers, often requiring translation by accompanying volunteers. About one fourth (24.8%) of the households did not have a home telephone number and, thus, would have been underrepresented in a random digit-dialing telephone survey.
Immunization Card
In 219 (81.1%) of the sampled households, immunization information was obtained directly from the home immunization card during the time of the interview. Information about the child's immunization history was obtained from 19 parents (7.0%) over the telephone or by revisit after the interview was completed. These parents did not have the card available at the time of interview but located it later. Finally, clinics were contacted to get the immunization records of 27 surveyed children (10.0%) for whom parents did not have the immunization card at home during or after the interview when again contacted by telephone. In about 2% of the sample (i.e. five children), there was no information about the child's immunization history, that is, there was no available home immunization card or clinic record. Other findings of the survey are presented elsewhere (16) .
Design Effect
The variance of two-stage cluster surveys, as promoted by WHO, is often twice that of simple random samples of the same number of subjects, resulting in large confidence intervals. The main reason for the increased variance is that persons at the second stage are not sampled independently but rather are selected as a group following a random start. Because we sampled children randomly at the second stage, we would expect a greater precision (i.e. small variance) for our approach than for most cluster surveys, as in fact occurred. As presented in Table 4 , the design effect that compares the variance of our cluster survey to that of a simple random sample of the same sized sample is near 1.0 for most variables. Thus, confidence intervals in our style of urban survey have nearly the same limits as more desirable, but much more expensive, one-stage surveys based on simple random sampling.
DISCUSSION
Population-based surveys have become common in the United States. They provide current information on the health practices and beliefs of the nation, as well as opinions on a wide variety of topics, including the popularity of sports figures or political candidates. Yet although timely, such surveys are only occasionally conducted by local health departments (8, 12) . Our objective was to determine whether such a survey could be done by the Immunization Program of the Los Angeles County Department of Health Services for vaccination coverage, using community volunteers, staffs, and university students to do the field work. Volunteers were especially important for the labor-intensive enumeration phase. We reasoned that if there was an interesting problem and effective recruitment, volunteers would come forward and give of their time for a survey, especially if done on weekends. The results presented here and in the publication of results (16) show that such a survey is possible and that volunteers can effectively be used in surveys of immunization status. Because the survey needed the assistance of many people, we relied on several community organizations to recruit volunteers and arrange for them to be at the survey sites during the enumeration and interview weekends. Although not paid, the volunteers required special attention. We recognized that volunteers must be guided rather than ordered and encouraged rather than criticized, and we managed the study accordingly. Perhaps most important to our success was having an amiable staff at the Immunization Program who reacted well when things went wrong during the day-to-day operations of the survey. We ended the field work with a celebration of effort and gave certificates to each of the volunteers, staffs, and students, showing our appreciation for their time and effort. This should help stimulate similar support in future surveys. We also presented slide shows of the findings to the Immunization Program staff, and to students and faculty at UCLA.
Rapid surveys such as ours have many uses beyond immunization, and they should be viewed as an important tool for gathering information on a wide range of common attributes. For immunization coverage, other methods exist or are being planned that have advantages of their own. One is retrospective assessments of immunization levels, using current records of children newly enrolled in school (17) . Records are reviewed for vaccine coverage 4 years earlier, when the children were 24 months of age. Such retrospective assessment provides useful information in communities with constant immunization policies and practices, and with low in-or out-migration, conditions that unfortunately do not exist in Los Angeles.
A second method for determining vaccination coverage-an immunization registry-is not yet in practice but holds great promise. Information is collected from health care providers on all children in the community in an internet-based information system (7) . Participation in such registries has become an important goal of the US Healthy People 2010 national objectives, intending to increase to 95% the proportion of children younger than 6 years old who are enrolled in a population-based immunization registry (7) . In the meantime, local surveys of immunization coverage are still a useful option.
Where small-community-based surveys could have the greatest impact is in community development efforts that reach out to volunteers as part of the process. For those planning to adopt our approach, however, more work needs to be done in such surveys on creating simplified forms and user-friendly training programs that do not require too much time of volunteers. We also suggest developing audio recordings for use by tape or compact disc (CD) players so that interviews can be done in languages other than English or Spanish. This is especially important for cities with large immigrant populations similar to Los Angeles. Small hand-held computers are becoming more common and should be incorporated to increase the speed of data collection and to reduce coding errors (3) . Finally, we encourage public agencies to conduct such rapid face-to-face interview surveys, recognizing that the effort, especially if volunteers are included, creates a sense of community responsibility and satisfaction, in addition to obtaining knowledge of populationbased health practices, opinions, and understanding.
